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HIGH VISCOSITY FLOTATION AND 

DAMPING FLUKE) 
Fred W. West, Paterson, Raymond J. Sam, Bloom?eld, 

and Kenneth J. Reilly, Jersey City, N.J., assignors, by 
mesne assignments, to Minnesota Mining and Mann 
facturing Company, St. Paul, Minn, a corporation of elaware 

No Drawing. Original application Feb. 15, 1957, Ser. No. 
640,305. Divided and this application Dec. 11, 15957, 
Ser. No. 706,533 

4 Claims. (Cl. 252-78) 

This invention relates to a high viscosity material and 
to a method for the preparation thereof. In one aspect, 
this invention relates to a ?otation agent for reducing fric~ 
tional losses in instruments and machines. Another aspect 
of this invention relates to a damping agent for reducing 
impact and vibration damage and offers viscous non 
elastic restraint to moving parts within a gyro. Another 
aspect of this invention relates to a halogenated, highly 
viscous material having high density and high shear sta 
bility. Still another aspect of this invention relates to a 
perchlo-ro?uorinated damping and ?otation agent for gyro 
mechanisms. 

meats demanded for a material of this type. Typical 
speci?cations for a gyro ?uid are presented in Table I: 

TABLE I 
‘a 

Temperature class Viscosity, Density, Cloud 
cp. g./cc. point, ° F. 

3,000 1.958 <115 
>2, 800 1. 949 <135 

600 1.922 <l55 
1,000 1. 928 < 155 
2,000 >1. 930 

Other instruments such as the bi-Inetallic dial type ther— 
mometers and chemical seal pulsation dampeners have 
also indicated a need for a highly viscous material which 
meets most of the speci?cations mentioned above. 

It is, therefore, an object of the present invention to 
provide a material having a high viscosity, a low clear 
point and a high density at elevated temperatures and to 
provide a method for the preparation thereof. 
Another object of this invention is to provide a non— 

corrosive, thermally stable perchloro?uorinated ole?n 
‘polymer suitable for use as a damping and ?otation ?uid. 

Another objectof this invention is to provide a per 
chloro?uorinated ole?n polymer having a maximum clear 
point not in excess of 155° F. 
Another object of this invention is to provide a low 

molecular weight percholoro?uorinated ole?n polymer 
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2 
having a density of at least 1.949 grams per cc. at 
140° F. 

Another object is to provide a low molecular weight 
perchloro?uorinated ole?n polymer having a viscosity of 
about 2800 cp. or higher at 140° F. 
Another object is to provide a low molecular weight 

perchloro?uorinated ole?n polymer suitable for use as a 
damping and ?otation agent in a gyroscope. 

Still another object of this invention is to provide a 

agent having the above properties. 
According to this invention a low molecular weight 

chlorotri?ucroethylene polymer having a melting point 
between about 140° F. and about 250° F. (ball and ring) 
is dissolved in a solvent, the temperature of the solution 
is lowered, the insolubles are removed from the solution 
leaving a ?ltrate and the soluble polymer product is re 

Which is recovered from the ?ltrate has a cloud point be 
tween about 100° F. and about 215° F. and a viscosity in 
‘excess of 200 centistokes at 210° F. This soluble wax 
product may be used directly as, for example, a speci?ca~ 
tion gyro ?uid, or it may be blended with a low molecular 
weight perhalogenated ole?n polymer melting between 
about 90° F. and about 140° F. to obtain a product having 
the desired viscosity, density, cloud point and other re 
quirements mentioned above. 
The low molecular weight polymeric starting material 

of the present invention is the homopolymer of chloro 
tri?uoroethylene which melts at a temperature between 
about 140° F. and about 250° F. and which has the fol 
lowing formula 

wherein x is an integer between 10 and 100 and Z and Y 
are selected from the group consisting of the halogens 

' ' ' ' e) and a perhalo 

The preferred chlorotri?uoroethylene polymer is the 
telomer of chlorotri?uoroethylene wherein Y and Z are 
normally gaseous halogen atoms (chlorine and ?uorine) 
such as, for example, the telogen prepared from the re 
action of chlorotri?uoroethylene with sulfuryl chloride, 
which telomer has a melting point between about 200‘,) F. 
and about 235° F. (ball and ring). The preparation of 
this telomer is given in US. Patent No. 2,770,659. 

Other suitable starting materials include the telomer's 
of chlorotri?uoroethylene with halogens and aliphatic per 

?uoroethylene and the corresponding telogen in the pres 
ence of a peroxy compound. More speci?c details of the 
preparations are found in copending applications of Wil 
liam S. Barnhart, Serial No. 347,186 (?led April 6, 1953 
now Patent No. 2,875,253) and Serial No. 452,708 (?led 
August 27, 1954, and now abandoned). ,, 

In the process of this invention the chlorotri?uoro 
ethylene polymer is dissolved in a suitable solvent such 
as an aliphatic alcohol, ketone, ether, ester or halocarbon 
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or an aromatic alcohol, ketone,-ether, ester‘ or hydrocar 
bon. Examples of suitable solvents used in this invention 
include Cellosolve, dioxane, methyl phenyl ether, ethyl 
ether, ethyl phenyl ether, acetone, methyl ethyl ketonc, 
acetophenone, isopropyl alcohol, diacetone alcohol, min 
eral spirits, methyl alcohol, benzyl alcohol, ethyl alcohol, 
ethyl acetate, methyl propionate, ethyl benzoate, carbon 
tetrachloride, trichloroethylene, chloroform, the Freons, 
toluene, xylene, etc., and mixtures of these solvents. The 
polychlorotritluoroethylene is melted before it is admixed 
with the solvent. 

Solvent to polymer ratios employed in this process can 
be varied between about 0.511 and about 20:1, preferably 
between about 1:1 and about 15:1. The chlorotr'?uoro 
ethylene polymer is generally dissolved at an elevated 
temperature surh as for example, in a solvent which is 
ma'ntained at a t:mpe“ature of between about 100° F. 
and about 305° F. or at about the re?ux temperature of 
the solvent. However, it is also with'n the s-ope of this 
invention to dissolve the polymer or fraction thereof in a 
solvent at room temperature (75° F.). The preferred 
method comprises dissolving‘ the polymer in the solvent 
at a temperature of about 10° below the reflux tempera 
ture ofthe solvent but not at a temptrature in excess 
of 305° F. While the polymer is being admixed with 
the solvent, it is generally preferred to agita'e the mix 
ture for a period of between about 10 m'nufes to about 
10 hours. In most cases the mixture is agitated f‘l' a 
period not exceedlng 2 hours. After the polymer is mixed 
with the solvent for the desired period of time, some ' 
insoluble material may still be present. These-insolubles 
may be removed immediately if so desired. 
The temperature of the sclution of polymeric material 

prepared above at an elevated temperature is then low 
ered, preferably by allowing it to cool to about room 
temperature. However, in cases where the solution has 
been prepared at room temperature, the solution tem 
perature is lowered for example, by a cold bath or by 
refrigeration usually to a temperature not below —~10° 
C. and preferably not below 10° C. The lowering of 
the solution temperature results in the precipitation of 
insoluble materials. The insoluble material is removed 
as a residue by ?itration, decaniatfon or by any other con 
venient process or any combination of the above proc 
esses and the desirable polymer fraction or product which 
remains in the ?ltrate is recovered by evaporating, ?ash 
ing otf, fractionating, .or distilling off'the solvent or by 
the addition 'of water, if a water-soluble solvent is em 
ployed. The water takes up the solvent and can be de 
canted leaving a soluble polymer product, more speci? 
cally, a soluble wax product as the crude product of this 
invention. The crude soluble wax production is then 
dried. 
When the desired wax product is recovered by the ad 

dition of water to the ?ltrate, the volume of water added 
to the ?ltrate can vary between about 0.05 and about 2 
volumes or more, preferably between about 0.25 and 
about 1 volume of water per volume of ?ltrate. The 
soluble wax product so obtained is then dried toproduce 
a wax product having a cloud point between about 100° 
F. and about 215° F. and a viscosity in excess of ‘200 
centistokes at 210° F. If desired, the insoluble material 
which is removed after the solution‘temperature has been 
lowered can be reprocessed by redissolving it in a solvent; 
cooling the resulting solution; removing the insoluble 
materials and adding the resulting ?ltrate containing crude 
soluble wax product to the ?rst ?ltrate before remov 

ing the solvent. 
In one embodiment of the invention, the process is car 

ried out by ‘dissolving a liquid telomer of chlorotri?uoro 
ethylene, melting between about 200° F. and about 235° 
F. in an aliphatic water-soluble solvent at the re?ux tern 
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.perature of the solvent,-or at 
4 

a'temperature 5° orlO° 
below the reflux temperature of the solvent employed. 
The solution is agitated at this temperature for a period 
of not more than 2 hours and then allowed to cool to 
room temperature. The resulting insoluble maierial, 
which is precipitated, is removed from the ?ltrate and 
Water is added with agitation to the ?ltrate in a volume of 
between about 0.25 and about 1 volume of water for each 
volume of ?ltrate. After thoroughly mixing, the solid 
or crude product is al'owed to settle, the liquors are re 
moved and the remaining solvent is pressed from the 
soluble wax product so formed. The soluble wax product 
is then dried at a temperature between about 150° F. to 
about 250° F. fzr a period of from about 1 to about 16 
hours under a pressure not in excess of about 300 mm. 
Hg, preferably not in exczss of 175 mm. Hg. 

In a preferred embodiment of the present invention 
the liquid telomer of chlorotri?uoroethylene obtained by 
melt'ng the telomer is dissolved in a suitable solvent such 
as, for example, a toluene-isopropyl alcohol mixture, at 
an elevated temperature such as, for example at about 
170° F. The solution is agitated for a period of not 
more than 2 hours and allowed to cool to room tempera 
ture. The resulting insoluble material, which precipi 
tates, is removed from the ?ltrate and the soluble wax 
product is completely removed from the ?ltrate by dis 
tilling off the solvent. 
The soluble wax product of this process, which has a 

cloud point between about 100° F. and about 215° F., a 
density between about 1.905 and about 1.930 at 210° F. 
and a viscosity between about 205 and about 700 centi-v 
stckes at 210° F., is sui.'able for direct use as a ?otation 
or damping agent or it can be blended with a lower‘ 
molecular weight perhalcgenated wax, such as polychloro-t 
tri?uoroethylene wax having a me'ting point between 90‘l 
‘F. and about 140° F. in amounts whizh vary from 100 
'weight percent to about 20 weight percent of the soluble 
wax product obtained above, preferably between about 
40 weight percent to about 65 we'ght percent of soluble 
wax product obtained above. When the soluble wax 
product has a cloud point of 135° F. or above, it is usual 
ly desirable, in applications for gyro fluids, to blend the 
extracted wax products with a lower melting perhalogen 
ated wax, melting between about 90° 'F. and about 140° 
F. for example, a polychlorotri?uoroethylene wax such as 
Kel-F 40 wax. The preparation of these low molecular 
weight, low melting polychlorotrifluoroethylene waxes is 
given in US. Patent No. 2,770,659. 
The following examples are offered as a better under 

standing of the present invention and are not to be con 
strued as unnecessarily limiting thereto. 
The following example in Table 11 illustrates the prep 

aration of the ?nal extracted wax product of this inven- , 
tion. In the following example Kel-F 200 wax (the 
telomer of chlorotri?uoroethylene with sulfuryl chloride 
having a melting point from 200° F. to 235° F.) was dis 
solved in a water-soluble solvent at 175° F. Upon cool 
ing the‘solution to room temperature the insoluble mate 
'rial was removed as a residue andthe wax which remained 
in the ?ltrate was labeled Soluble Wax #1. The residue 
was dissolved in the same solvent at 175° F., the resulting 
solution was then allowed to cool to room temperature 
and the insoluble material was removed as the residue. 
The wax which remained in the ?ltrate was labeled Sol 
uble Wax #2. The ?rst and second ?ltrates are usually 
combined before removal of the solvent to obtain the 
soluble Wax product, however, in the following example 
the two soluble wax products, which were separated from 
the ?ltrate by the addition of water, by decantation of the 
supernate and drying the product, were treated separately 
for comparison purposes. 
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TABLE II 
Solvent Extraction of Kel-F 200 Wax 

Amount of Volume 
Ex. N0. Kel-F 200 Solvent ratio Components of 

Wax. g. solvent: Kel-F 200 Wax 
wax 

1, 000 Isopropyl alcohol.... 
1011 1st soluble wax..-. 

2nd soluble wax.-. 
Residue ......... __ 

Isolated Dynamic 
yield, cloud Viscosity, 

percent point. cs./° F. 
° F. 

35. 8 152 323. 2/210 
8. 3 184-. 486. 5/210 
46.2 ____________________ __ 

The cloud point was determined by slowly cooling a 
15 gram sample of the ?nal extracted wax product in a 
25 x 150 mm. glass tube. All cloud points determined 
on waxes subsequently described were also carried out 

in this way. 

preparation of the soluble wax product when reprocess 
ing the residue is omitted and compares the properties of 
the product with the residue. In all the examples in 
Table III the soluble wax product was removed from the 
?ltrate by distilling off the solvent. 

TABLE III 

Amount Volume Yield. Cloud Density. Density, 
‘Ex. No. of Kel-F Solvent ratio. Components of Kel-F 200 per- point. Viscosity, glee. at zgJce. at 

200 Wax, solvent Wax cent ° F. cs./° F. . 

grams wax 
__'_. 

2:1 Soluble wax product .... -. 13. 0 118 200. 3/210 __________________ __ 

Re due ____________ __ 85. 0 219 
5:1 Soluble wax product. . 27. 4 134 252. 9/210 

Resi ue ____________ _- 71. 2 ____________________ __ 

2: 1 Soluble wax product. 48. 8 401. 9/210 
Residue ____________ -_ 45. 2 

5:1 Soluble wax product. 65. 1 
Re __________ -_ 25. 1 

6 ...... -_ 250 Isopropanol-____ 10:1 Soluble wax produc 39. 5 
due __________ _s 54. 9 

7 ______ __ 250 _._._do ......... -- 15 1 Soluble wax produc 45. 7 
Residue ___________ -_ 48. 4 

1 Calculated to ‘be 12.000 ep. at 140° F. or 6.500 cs. at 140° F. 

For comparison purposes, Kel-F 200 Wax was tested 
and had a cloud point of 216° F.; a viscosity of 132.6 
centistokes at 266° F. and a viscosity of about 950 
centistokes at 210° F. Kel-F 40 wax (polychlorotri 
fluoroethylene wax having a melting point between about 
90° F. and about 140° F.) was also tested and found to 
have a cloud point of 96° F., a viscosity of 37.97 centi 
lstokes at 210° F. and a density of 1.8792 at 210° F. Al 

The examples in Table IV below show additional ex 
eriments on the preparation of the soluble wax prod 

uct using dilierent solvents from those used in Table 111. 
In the following examples (#8 through #23) the soluble 
wax product was separated from the ?ltrate by distillation. 
In Example #24 the soluble wax product was recovered 
by addition of water, decantation of the supernate and 

45 subsequent drying of the soluble wax product. 

TABLE IV 

Amount Volume Yield of Cloud Viscosity Density, g./ee. 
Ex. Solvent ratio, soluble point, 
No. solvent: wax, ° 1*‘. 

wax percent 

3, ___ Diacetone alcohol _________ _. 5:1 25- 9 ________________________________________________________________ __ 

9 Cellosolve ________ . _ _ _ 5:1 31. 4 180-35 5:1 81. 8 185-90 
5:1 60. 4 165-70 ____ __ 

5:1 51. 5 160-65 
5:1 80.3 185-90 
5:1 91. 9 215-20 _________ _ g 

1:1 68. 9 180-85 
_____ 2:1 79. 0 185-90 
_____ 4:1 90. 3 182-85 
.____do _____ __ 5:1 92.5 185-90, _________ __ 

20% toluene in 5:1 47. 3 145-50 _____ __ 

33%% toluene in i-PrO 5:1 63. 7 155-60 
40% toluene in i-PrOH. 5:2 70. 3 160-65 
50% toluene in i-I’rOH ____ ._ 5:1 81.8 170-75 _ _ _ , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ 

23- -_ 20% toluene in i-I’rOH .... ._ 5:1 47. 6 145-50 2,518.4 es. or (4,918.3 cp.). 
10:1 35. 9 137 

Isopropanol. __ 

1 The soluble wax produc 

though according to gyro speci?cations the cloud point of 
Kel-F 40 wax is good, the viscosity and density is so poor 
that it would be unsuitable as a damping and ?otation 

As shown above, Kel-F 200 
wax is de?cient as a gyro ?uid both in cloud point and in 
fluid for gyro mechanisms. 

viscosity requirements. 
The following examples in Table III illustrate the 

t was recovered by the addition 01 water, decantation and drying of the wax product. 

Examples #25 through #44 in Table V below give the 
amount of material employed in the preparation of wax 
blends having the desired properties of the present inven 
tion. The extracted wax product was obtained from 
Kel-F 200 wax as described in the previous examples 
which employed a single extraction of the Kel-F 200 wax 

75 in solution. 
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TABLE V 

Soluble Viscosity, es. Density, g./cc. Viscosity, cp. wax Soluble Kel-F 40 Cloud _ ' 

product wax wax, point, V iscosity 
obtained product, grams ° F. . cpl‘7 F. 

from grams 140° F. 210° F. 140° F 160° F. 210“ F. 140° F. 160° It‘. 210° F. example 

4 46. 8 53. 2 115-20 _ . . . _ . . . . _ _ _ . . . . _ . . _ . _ . . _ . _ . . _ . . _ _ . _ -_ 

5 46. 4 53. 0 120-25 _ _ . _ _ . _ _ _ _ _ _ _ _ __ 

2 61. 1 38. 9 100-05 ____ __ 
3 50. 0 44. 0 110-15 _ _ _ _ _ . _ 1 _ __ 7 52. 1 47. 9 115-20 

24 50. 8 49. 2 115-20 -. 

22 42. 2 34. 8 115-20 ____________ _ 
6 53. 8 40. 2 110-15 1 12. 500/115 
0 57. 2 42. 8 115-20 __________ _- 1 10, 500/120 
6 66. 6 33. 4 120-25 1 11, 500/120 
6 - 80 20 125-30 ............ _- 1 1, 400/130 6 90 10 >135 

13 37. 5 62. 130-35 __________ __ 19 80 20 130-35 
19 70 30 125-30 
19 60 40 120-25 

23 80 20 130-35 _____________________ __ 
22 80 20 150-55 ________ _ _ 

22 70 30 140-45 1 l. 9075 1 8, 500 
22 40 135-40 1 l. 9015 r 6, 200 

I Calculated values. 

It is to be understood without departing from the scope 
‘of this invention that any of the other polychlorotri?uoro~ 
ethylene waxes melting between about 140° F. and about 
250° F. (ball and ring), particularly polychlorotri?uoro 
ethylene wax melting between about 140° F. and about 
160° F. (Kel-F 10—200 Wax) can be extracted in ac 
cordance with the procedure set forth in any of the above 
examples to produce a Wax product having the above de 
scribed valuable properties; and that the wax products so 
produced can be employed per se or they can be blended 
with any of the perhalogenated waxes which melt be 
tween about 90“ F. and about 140° -F. 
The products of this invention are particularly suited 

for use as damping and ?otation ?uids in gyro mecha 
nisms since they meet all of the rigid requirements for 
gyro ?uids. However, in addition to this application, 
the products of this invention may also be employed as 
‘damping ?uids or ?otation ?uids in other applications 
such as, for example, chemical seal pulsation dampers, 
bi-metallic dial type thermometers, and other applica 
tions which reqiure a highly viscous material which re 
mains clear at low temperatures. 
The extracted wax products or their ‘blends may also be 

used as protective waxes for surfaces subject to corro 
sion, as packing material around pipe joints, etc. 
other applications of these products W111 be apparent to 
those skilled in the art from the accompanying descrip 
tion and properties of these materials. 

This invention relates to the extraction and isolation 

F. and about 250° F.) and an organic solvent 
for use in a particular application such as, for example, 

tween about 90° 
ticular application such as, for example, as a gyro ?uid. 

This application is a division of copending United 
States patent application Serial No. 640,305, ?led Febru 
ary 15, 1957. 
Having thus described our invention we claim: 
1. A damping and ?otation ?uid for gyro mechanisms 

and the like having a high viscosity, low clear point and 
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a high density which comprises a homogeneous mixture 
f (a) between about 5 

' a melting point 
F., and (b) between 

about 95 and about 20 weight percent of a soluble poly 
chlorotri?uoroethylene wax having a cloud point between 
about 135° F. and about 215° F. ‘and a viscosity between 
about 205 and about 700'centistokes at 210° F., said solu 
ble polychlorotri?uoroethylene wax being prepared by 
(l) dissolving a liquid chlorotri?uoroethylene polymer 
melting between about 140° F. and about 250° F. in an 
organic solvent selected from ' 

hols, ketones, ethers, esters, aliphatic halocarbons and 
aromatic hydrocarbons maintained at a temperature not 
in excess of 315° F., (2) lowering the temperature of the 
resulting solution to about room temperature to form a 
residue and a ?ltrate, (3) separating ‘the residue from the 
?ltrate and (4) removing the solvent from the ?ltrate to 
recover a soluble polychlorotri?uoroethylene wax product. 

2. The damping and ?otation ?uid of claim 1 in which 
the preparation of said soluble polychlorotri?uoroethyl 
ene includes isopropanol as said organic solvent. 

3. The damping and ?otation ?uid of claim 1 in which 
the preparation of said soluble polychlorotri?uoroethyl 
ene includes acetone as said organic solvent. 

4. The damping and ?otation ?uid of claim 1 in which 
the preparation of said soluble polychlorotri?uoroethyl 
ene includes toluene ‘as said organic solvent. 
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